About Development and Verification of Software for Finite Element Analysis of Beam Systems  by Zotkin, Sergey P. et al.
 Procedia Engineering  111 ( 2015 )  902 – 906 
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the XXIV R-S-P seminar, Theoretical Foundation of Civil Engineering (24RSP)
doi: 10.1016/j.proeng.2015.07.045 
ScienceDirect
Available online at www.sciencedirect.com
XXIV R-S-P seminar, Theoretical Foundation of Civil Engineering (24RSP) (TFoCE 2015)
About development and verification of software for finite element 
analysis of beam systems
Sergey P. Zotkina*, Nina S. Blokhinaa, Irina A. Zotkinaa
aMoscow State University of Civil Engineering
Abstract
The distinctive paper is devoted to author's software (Windows application) for finite element analysis (FEA) of beam systems. 
Program application package provides convenient graphical interface to the user for quick creation of layout design in accordance 
with given coordinates of nodes. User can specify various boundary conditions in the corresponding nodes or apply external 
loads. The results of FEA are displayed in text and graphical forms (including visualization of deformed scheme). Moreover, 
these results can be exported into a Microsoft Word document. Open source and freeware program has been created by Microsoft 
Visual C++. Information about verification samples is presentedClick here and insert your abstract text.
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1. Introduction
Nowadays one cannot imagine any kind of structural analysis without the help of computers which enable us to 
make quick and precise calculations. Lots of software solutions have been developed especially for that purpose, and 
most of them are based on finite element method (FEM). The finite element method is one of the most powerful 
numerical methods of solving mechanical problems both in Russia and abroad [1]. It is used in popular software 
packages such as ANSYS, LYRA, NASTRAN, COSMOS and many others. These products with intuitive graphical 
user interface are normally used for advanced structural analysis. They also contain extensive finite element 
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libraries. These tools can import data from graphics systems such as AUTODESK REVIT, ARCHICAD, 
ALLPLAN, and generate reports in text, table or graphics format using Microsoft Office. But an average user can 
hardly afford such advanced software. Besides, some specific problems, for example those which consider physical 
nonlinearity, require adaptation to real-life conditions which is not always possible since most software packages are 
Closed-Source. That’s why the development of special user-friendly tools for solving local problems is still relevant 
[2].
Some construction design problems might be solved using beam finite element only, stiffness matrix of the entire 
structure is formed directly by compiling all the elements’ stiffness matrices. Considering this, the authors have 
attempted to develop their own software solution, creating a Windows Forms (Visual C ++) application built with 
the use of Microsoft Visual Studio 2008 Express Edition.
2. User interface and key features
The software product helps the user to calculate internal forces in every beam of the frame structure given 
according to the loads applied to it, determine nodal displacements and build a deformation scheme. The results are 
produced in Microsoft Word.
An intuitive user interface allows the user to create a frame structure very easily. One has to input all the nodal 
coordinates, then bind the nodes with beams and apply load to the nodes. One must specify the nodes which have 
any kind of support, fixed, hinged or movable. Cross section parameters and Young modulus for each beam have to 
be specified as well. The frame structure visualization shown in the graphical field of the interface is modified in 
real time following the data changes. The user can save the frame structure model as a *.dat file any time it is 
needed or open any previous file and continue working on it, in which case standard Windows dialog boxes 
Open/Save are used.
After the structure is complete it can be analyzed. In the course of the analysis the user can look through 
intermediate FEA matrices, estimate nodal displacements and reactions for every item. The original scheme and the 
deformation scheme are displayed in the graphical field simultaneously. The elements of the visualization are 
colored; the user can customize the color scheme and save it to use by default. The results of the analysis can be 
exported into Microsoft Word by using Object Linking and Embedding (OLE) – a technology that facilitates data 
exchange between various applications - so the final report can be easily generated and printed.
A convenient interface allows the user to create a precise mathematical model of the given object describing 
mechanical structures in programming language (such as Microsoft Visual C++) [3]. For example, a digital model of 
plane beam element is a 6x6 beam stiffness matrix in local coordinate system. As a whole, all necessary information 
about the nodes and beams of the structure is stored as structure arrays. The nodes are described by Nodes structure 
which contains the following fields:
struct Nodes
{
int No; // Node number
double x; // Nodal coordinate X
double y; // Nodal coordinate Y
int Px; // Load projection on axis OX
int Py; // Load projection on axis OY
int Mz; // Nodal moment
int C; //12 types of fixing: 1y4(x-axis, y-axis, rotation);
// 5y8(x-axis, y-axis);9,11(x-axis);10,12(y-axis)
} V[N_Max]; // Nodal array
The beams are characterized by Edg matrix. Numbers of lines and columns refer to the nodes bound by the beam. 
The node with the smallest number always goes first so the matrix is strictly upper triangular. Each matrix cell 
corresponds to an Edges structure which contains all necessary bonding parameters:
904   Sergey P. Zotkin et al. /  Procedia Engineering  111 ( 2015 )  902 – 906 
struct Edges
{
int h,b,F;
double L,E,J,v[6][6],r[6][6],R[6][6],P[6];
} Edg[N_Max][N_Max]; // Beam matrix
Parameters L, h, b and F define the geometry of the beam (length, height, width, area); v stands for rotation 
matrix, r and R – for stiffness matrices in local and global coordinate systems respectively. The first three elements 
of vector P represent forces along axes 0X and 0Y and moment in the initial node of the beam, the last three 
represent the same parameters in the final node.
An example of data visualization in the graphical part of the user interface is shown in Fig.1.
Fig. 1. Frame Structure. Example
The user can set parameters such as X-Y coordinates, load or moment for every node and beam of the frame 
structure (Fig.2).The results of the analysis are shown in tabular form on a special tab (Fig.3).
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Fig. 2. User Interface.
Fig. 3. Analysis results in tabular form.
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Rotation and stiffness matrices for each beam in local and global coordinate systems are displayed optionally on 
the same tab as well as the global stiffness matrix for the whole structure.
Data visualization and analysis results can be exported into a Microsoft Word document by using OLE (Object 
Linking and Embedding). An oWord Word Application object is dynamically created from source code and 
controlled by InvokeMember, a method within Object-oriented programming. The results are displayed in a *.doc 
file. Headlines and text are generated dynamically at runtime and formatted according to a preset template, 
accompanied by a figure showing frame structure visualization. The authors also intend to develop an option of 
exporting graphical data to AutoCAD using OLE technology as well.
Conclusion
The software solution developed by the authors could be of great help in structural analysis with the finite 
element method, especially for educational purposes. An educational institution can save a large amount of money 
using it instead of buying commercial software packages. 
Scientific work is realized under support of Ministry education and science Russian Federation (grant of 
President Russian Federation No14.Z57.14.6545-SS).
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